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1.0 INTRODUCTION 
This study was undertaken to evaluate the suitability of 
various stones which play an important role in the properties 
of compacted mixtureB in asphalt treated bases. The deterrnina-
tion of the effect of water temperature on the cohesion of the 
mixes is investigated. A number of stones were prepared for 
the test. 
Attention is paid to the particular source of stone with 
the corresponding teBt results. A preliminary study of the 
effect of lime when added to mixed aggregate was also conducted. 
2.0 PURPOSE 
The purpose of this study is to provide needed information 
on the cohesive characteristics of asphalt treated bases using 
a wide range of stones. This study is also to evaluate the 
suitability of the various stone sources. 
3.0 MATERIALS 
The stones to be evaluated, for the asphalt treated bases, 
were from various projects throughout the state and have differ-
ent characteristics from the geological point of view. The 
various sources of fine aggregate used in the study were from 
normally used sources. The location of the stones and the fine 
aggregates are listed in Table I. 
The asphalt binders used were 136 penetration and 85 - 100 
penetration. 
Hydrated lime w2.s used with two sources of aggregate for a 
short study of the effect of lime on the cohesive characteristics. 
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4.0 LABORATORY PROCEDURE 
The asphalt treated base aggregates were combined in the 
ratio of seventy per cent of stone and thirty per cent of the 
pit run gravel, if the combination met with the current com-
bined gradation requirement which is according to Sec. 4128.04, 
Class I, I.S.H.C. Specification of 1964. If not an adjustment 
in the individual gradation was made to meet the required com-
bined gradation. 
The test, "Effect of Water on Cohesion of Compacted Bitumin-
ous Mixtures", was according to AASH0-165. The method of com-
paction, molding temperature and period of soaking for wet 
strength determinations were sometimes modified from the AASH0-
165 requirement, for particular samples. The modifications are 
listed in the remarks of Table I. Both four and five per cent 
of 136 penetration asphalt was used except for Lab. No's ABC7-415, 
416 and 779 where four and a half per cent was used for study of 
the effect of soakinq period on the wet strength. The 85 - 100 
penetration asphalt was used in Lab. No's ABC7-77, 77A, 1085-
1083 and 1084-1085 for the study of the effect of the type of 
asphalt used. 
The hydrated lirne was added to the aggregate for the test 
of Lab. No's ABC7-147-148 and into the specimens of Lab. No's 
ABC7-160-161 during mixing to study its effect on the cohesion 
test results. 
The tabulation of laboratory trial mixes in conjunction with 
the study for some sources of the aggregate is shown in TABLE II. 
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5.0 INTERPRETATION OF THE TEST RESULTS 
For this study, the evaluation of the suitability of indi-
vidual stone sources was made mainly on the results of the test 
for the effect of water on cohesion of compacted mixes. 
According to our past experience, the composite gradation 
is critical to the te!st result, thus the effect of the gradation 
is drawn to your attention for the study. The composite grada-
tion of aggregates by the specification for the base materials 
is divided into four groups as shown in Fig. 1. The gradations 
of group 1 represent the finest materials while group 4 repre-
sents the coarsest material. The group of gradations are con-
trolled by per cent passing of sieve 3/8", No. 8 and No. 30. 
Referring to Table I, the individual analysis for each source 
of the coarse aggregate is made as follows: 
5 .1 CONCRETE MATERil\.L COMPANY at LEGRAND QUARRY, CHAPIN 
The effect of soaking period and soaking temperatures were 
determined. The results show that the specimens soaked for 48 
hours at 120°F and the specimens soaked for 24 hours at 140°F 
gave nearly the same results in the retained strength, other con-
ditions being the same, i.e. gradation group of composition, per 
cent of stone, per cent of fine aggregate and their sources. This 
is according to Lab. No's ABC7-42-43 and ABC7-42A-43A. 
The effect of lime added to the aggregate before mixing and 
of molding temperatm::-es were also investigated, (Lab. No's ABC7-
217-218 and ABC7-14 7·-148). The lime added should improve both 
pilot and wet strength of the mixes. But the results show that 
the pilot strength o:f the mixes of one per cent lime is lower 
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than that of the mixes without lime. This is because the effect 
of the molding temperature was also involved and more critical 
than that of one per cent lime added. When the molding tempera-
ture was increased from 255°F with one per cent lime added to 
275°, the pilot strength was also increased by 1 and 13 per cent 
for 4 and 5 per cent asphalt mixes respectively. Thus, the per-
cent increase indicates the difference between the two effects. 
Consequently, the mixes of one per cent lime give higher wet 
strength than that of the mixes without lime. Hence, the lime 
affects the wet strength more critically than the molding tempera-
ture by 45 and 23 per cent at 4 and 5 per cent asphalt respectively. 
And the two effects caused approximately 30% increase in the index 
of retained strength for both 4 and 5 per cent asphalt mixes. 
5.2 SCHILDBERG AT MENLO QUARRY, MENLO 
There were four tests run on this stone and the composite 
gradations of all mixing aggregates fall in group 2. This is 
according to Lab. No's ABC7-77 and 7-265, the index of retained 
strength of 5 per cent, 85-100 penetration asphalt mixes is more 
than 15 per cent higher, while the pilot strength is more than 
20 per cent higher than those of the mixes of 5 per cent, 136 
penetration asphalt, other conditions being the same. 
The same phenomena took place when comparing the tests 
results of Lab. No's ABC7-77A and 7-266. A general conclusion 
can be drawn that the index of retained strength depends pri-
marily upon the type of asphalt. The mixes containing harder 
asphalt give higher strength and index of retained strength. 
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5.3 KASER CONSTRUCTION COMPANY AT GRANT QUARRY, GRANT 
Regarding Lab. No's ABC7-66-67 and 7-103-104, the coarser 
composite gradation (Group 4) of Lab. No's ABC7-103-104 gave 
higher pilot strength but lower wet strength and index of reten-
tion than that of the finer composite gradation (Group 3) of 
Lab. No's ABC7-66-67. This is probably due to the greater amount 
of voids in the coarser mix (See Table II). The coarser grade 
has a tendency of having higher voids than the finer one. Quality 
of stone may be reflected also in cohesion strength retention 
test. 
5.4 FORT DODGE LIMESTONE AT GILMORE CITY 
From the test n~sult.s of Lab. No's ABC 7-70-71 and 7-1082-
1083, conclusions ca:n be made similar to those given for the Menlo 
Quarry stone, i.e., the effect of the asphalt type on the test 
results. 
5.5 SCHILDBERG AT CRESCENT 
For this study, an attempt was made to investigate the 
suitability of each ledge. The Hertha ledge stone is compared 
to the Bethany ledge stone. The results of Lab. No's ABC7-83-84 
(Hertha ledge) and ABC-87-88 (Bethany ledge) show that no signifi-
cance in the difference between the Hertha ledge and the Bethany 
ledge concerning the effect of water on cohesion. When comparing 
the results of Lab. No's ABC7-83-84 to Lab. No's ABC-1086-1087, 
the conclusion is the same as those of the Menlo Quarry stone, 
i.e., the effect of the asphalt type on the test results. 
5.6 MUTT PLACE AT SOUTH DAKOTA 
Regarding Lab. No's ABC7-158-159, this mix gives low pilot 
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and cohesion strength at both 4 and 5 per cent asphalt content. 
A further test was carried on by adding one per cent of hydrated 
lime during mixing (I...ab. No. ABC7-160), the pilot strength and 
the wet strength werE~ increased, i.e., the pilot and the wet 
strength are increased by approximately 300 and 400 per cent 
respectively at five per cent asphalt content. This is because: 
1. A chemical reaction took place between the lime and the 
aggregates and improved the cohesive test characteristics of the 
mixes. Evidently the pit run gravel source contained a detri-
mental clay that was changed in character by the addition of lime. 
2. The lime particles which are very fine stayed in between 
the aggregate particles and possibly caused less voids in the 
mixes, this probably improved the cohesive test characteristics. 
A further study was carried on. By adding two per cent 
water together with one per cent of hydrated lime and curing 24 
hours before mixing (Lab. No. ABC7-161), the pilot strength and 
the wet strength werE~ less than those of the mixes without the 
two per cent water treatment. Per cent strength retention 
dropped also. 
There is some doubt as to the validity of these particular 
test results. Since it is contrary to some previous work on 
lime addition to soils. 
5. 7 SCHILD BERG AT NE'LANTIC 
The effect of the soaking period, at room temperature, on 
the wet strength was investigated. The wet strength was in-. 
creased for Lab. No's ABC7-415 but decreased for Lab. No's ABC7-
416 and 7-779 when the period of soaking was increased. The 
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results are inconclusive and no general conclusion can be drawn, 
thus further study is needed. The results of this study are 
shown in Figs.2 - 4. 
The effect of curing period, in air at room temperature, 
on the pilot strength was also investigated. The.pilot strength 
decreased when the curing period was increased, this is shown by 
Fig. 5. The available data is not adequate to make a general 
statement. A further study is needed. 
The rest of the results of the project are the individual 
investigations to evaluate each source of stone under particular. 
methods and are not discussed in this report. 
6.0 CONCLUSION 
The results of the tests indicate the following: 
1. The type of asphalt affects the pilot strength. The 
mixes containing low penetration asphalt always have higher 
pilot strengths and wet strengths than those containing higher 
penetration asphalt, while having the same amount of asphalt. 
2. The increase of molding temperature from 255° to 
275°F improved the pilot strength of the mix. 
3. The lime added in the aggregates before mixing im-
prove wet strength. 
4. The lime added during mixing improves the cohesive 
test characteristics of the mix. 
5. The coarser composite gradations of aggregates 
(high voids content} gives higher pilot strength but lower wet 
strength and index of retention than those of the finer com-
posite gradations (low voids content} • 
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6. The increase in the per cent of index of retention 
of the mixes from 4 to 5 per cent 136 penetration asphalt are 
5.4, 5.3, 8.6 and 5.4 for the composite gradation groups 1, 2, 
3 and 4 respectively. 
7. This study was conducted to obtain some informa-
tion concerning the cohesive characteristics of the aggregate 
combinations as outlined in the I.S.H.C. Spec., Div. II 607, 
February 28, 1967, and for a preliminary study of the effect of 
various features, thus the results are applicable only to the 
aggregates studied herein. 
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